MicroRNAs (miRNAs) are small, endogenous RNAs that play important gene-regulatory roles by binding to the imperfectly complementary sequences at the 3-UTR of mRNAs and directing their gene expression. Here, we first discovered that miR-576-3p was down-regulated in human bladder cancer cell lines compared with the non-malignant cell line. To better characterize the role of miR-576-3p in bladder cancer cells, we over-expressed or down-regulated miR-576-3p in bladder cancer cells by transfecting with chemically synthesized mimic or inhibitor. The overexpression of miR-576-3p remarkably inhibited cell proliferation via G1-phase arrest, and decreased both mRNA and protein levels of cyclin D1 which played a key role in G1/S phase transition. The knock-down of miR-576-3p significantly promoted the proliferation of bladder cancer cells by accelerating the progression of cell cycle and increased the expression of cyclin D1. Moreover, the dual-luciferase reporter assays indicated that miR-576-3p could directly target cyclin D1 through binding its 3-UTR. All the results demonstrated that miR-576-3p might be a novel suppressor of bladder cancer cell proliferation through targeting cyclin D1.
INTRODUCTION

1
Bladder cancer is the most common malignant tumor in urogenital tract and the ninth common cancer in worldwide cancer incidence, with an estimated 386,300 new cases and 150, 200 deaths in 2008 (Jemal et al., 2011; Ploeg et al., 2009) . Although localized bladder cancers could be managed by surgical resection, the recurrence and progression rates are still high. In patients with advanced bladder cancer who receive radiotherapy or chemotherapy, the therapeutic outcomes remain unsatisfactory. The absence of more effective therapies for bladder cancer requires research into the underlying molecular mechanisms of bladder tumorigenesis and the development of new treatments aimed at specific molecular targets.
MicroRNAs (miRNAs) are small (~23 nucleotides), endogenous RNAs that play important gene-regulatory roles by binding to the imperfectly complementary sequences at the 3' untranslated regions (3-UTR) of mRNAs and directing their posttranscriptional repression (Bartel, 2009) . It is estimated that over 1000 miRNAs are encoded in the human genome, and they target approximately 60% of mammalian genes (Friedman et al., 2009 ). The deregulation of miRNAs has been identified in various types of cancer including bladder cancer, which is involved in tumor cell proliferation, apoptosis, differentiation, angiogenesis, metastasis, and other functions (Catto et al., 2011; Fendler et al., 2011) . Some microRNAs, such as miR-23b, miR-26a, miR-143, miR-195 and miR-490-5p have been proved as tumor suppressors by suppressing the proliferation of bladder cancer Lin et al., 2009; Majid et al., 2013) . Recently several studies (Coskun et al., 2013; Tatarano et al., 2011; Zhang et al., 2013) have reported a series of aberrant expressed miRNAs in bladder cancer and leukemia, among which miR-576-3p was one of the significantly down-regulated miRNAs. However, there has been no relevant study on miR-576-3p before and its functions and targets remain unclear.
In our study, we confirmed the down regulation of miR-576-3p in human bladder cancer cells. Furthermore, for the first time, we revealed that the overexpression of miR-576-3p could inhibit the proliferation of bladder cancer cells in vitro via targeting cyclinD1 (CCND1).
MATERIALS AND METHODS
Cell lines and cell culture
Four human bladder cancer cell lines (UM-UC-3, 5637, J82 and T24) and one non-tumor urothelial cell line (SV-HUC-1) were purchased from the Shanghai Institute of Cell Biology (China). All the cell lines were cultured in RPMI-1640 medium supplemented with 10% heat-inactivated fetal bovine serum under a humidified atmosphere of 5% CO 2 at 37C.
Transient transfection of miRNA mimic, inhibitor and small interfering RNA The miR-576-3p mimic (named as miR-576-3p) and the negative control duplex (named as NC) which was nonhomologous to all human gene sequences were used for transient gain of function study. The mir-576-3p inhibitor oligo (named as miR-576-3p inhibitor) and inhibitor negative control oligo (named as inhibitor NC) were used for transient loss of function study. A small interfering RNA duplex (siRNA) targeting human CCND1 mRNA was used for RNAi study (named as siCCND1). All the RNA duplexes and RNA oligos were synthesized by Gene Pharma (China). T24 and UM-UC-3 cells were seeded into 6-well plates 24 h before transfection to ensure 60-70% confluence at the time of transfection. The Lipofectamine 2000 Reagent (Invitrogen, USA) was used for transfections following the manufacturer's instructions. The sequences of RNA duplexes and RNA oligos used in transfection are listed in Table 1 .
RNA isolation and quantitative real-time PCR
MircoRNAs were extracted from cultured cell lines with the RNAiso kit for small RNA (Takara, China) and reversely transcribed into cDNA with the One Step PrimeScript miRNA cDNA Synthesis Kit (Takara, China). Total RNA was isolated with TRIzol reagent (Takara, China) and reversely transcribed into cDNAs with the PrimeScript RT reagent Kit (Takara, China). The resulting cDNAs were quantified with SYBR Green (Takara, China) using an ABI 7500 fast real-time PCR System (Applied Biosystems, USA). The relative expression levels of miRNAs (miR-576-3p or miR-576-5p) and CCND1 normalized by small nuclear RNA U6 and GAPDH mRNA respectively were calculated with the 2 -ΔΔ Ct method. All the qPCR primers were provided by Sango Biotech (China). All primers used are listed in Table 1 .
Cell cycle analysis by flow cytometry
The 48 h after the transfection of RNA duplexes (50 nM of NC, miR-576-3p or siCCND1) or the co-transfection of miR-576-3p (50 nM) and RNA oligos (mir-576-3p inhibitor or inhibitor NC, 100 nM), bladder cancer cells were harvested and washed with PBS and fixed with 75% ethanol at -20C. After 24 h fixation, the cells were washed with PBS again and stained with propidium iodide using the cell cycle and apoptosis analysis kit (Beyotime, China) for 30 min. Cell cycle features were analyzed by BD LSRII Flow cytometry system with FACSDiva software (BD Bioscience, USA). The data were analyzed by ModFit LT 3.2 software (Verity Software House, USA).
Colony formation assay
T24 and UM-UC-3 cells were collected 24 h after transfected with RNA duplexes (50 nM of NC, miR-576-3p or siCCND1) or co-transfected with both 50 nM of miR-576-3p or NC and 1 g of pReceiver-CCND1 or empty pReceiver vector. The cells were then resuspended in RPMI-1640 medium supplemented with 10% FBS and seeded in 6-well plates at a density of 400 cells per well. After 10 days of culture under standard conditions, the colonies on the plates were fixed with absolute methanol for 15 min and stained with 0.1% crystal violet for 20 min. The colonies with a diameter over 2 mm were counted. The rate of colony formation was calculated by the following formula: colony formation rate = (number of colonies/number of seeded cells)  100%.
Cell growth and cell viability assay
Bladder cancer cells were plated in 96-well plates at the density of 5000 cells per well. After an overnight cultivation, all the cells were incubated with RNA duplexes (NC, miR-576-3p or siCCND1) for 48-72 h. The concentration of RNA duplexes ranged from 25 to 75 nM. As soon as reached the time limit of incubation, the medium were removed and a Cell Counting solution (WST-8, Dojindo Laboratories, Japan) was added to each well and incubated at 37C for another 2 h. The absorbance of the solution was measured at 450 nm with MRX II absorbance reader (Dynex Technologies, USA).
Western blotting analysis
All the cells were gathered and lysed in cell lysis buffer 48 h after the transfection. The BCA protein assay kit (Thermo Scientific, USA) was used to calculate the total protein concentration in every lysate. The same amounts of protein samples were separated by 10% SDS-polyacrylamide gels and transferred to polyvinylidene fluoride (PVDF) membranes. The membranes were blocked with 5% non-fat milk for 1 h, and incubated overnight with primary antibodies including rabbit polyclonal anti-CCND1 and anti-GAPDH (Epitomics, USA) at dilutions instructed
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by the manufacturer. After being washed in TBS-T three times, PVDF membranes were incubated with horseradish peroxidase (HRP)-conjugated goat anti-rabbit secondary antibody at a 1:5000 dilution for 1 h. The binding secondary antibody was detected by the enhanced chemiluminescence (ECL) system (Pierce Biotechnology, USA).
Vector construction and dual-luciferase reporter assay
A bioinformatic analysis through the microRNA target gene prediction database TargetScan (http://www.targetscan.org) revealed that CCND1 is most likely a direct binding target of miR-576-3p. Based on the 3'-UTR sequence of human CCND1 mRNA, two pairs of oligonucleotides which contained the desired (wild type) miRNA target region and mutant miRNA target region (primers set in Table 1 ) were designed and ordered from Sangon Biotech (China). After the annealing procedure, the duplexes of annealed oligonucleotides were inserted into the downstream of the firefly luciferase reporter in the pmirGLO Dual-luciferase miRNA target expression vector (Promega, USA) between the SacI and SalI sites. The insertions were verified by sequencing. T24 and UM-UC-3 cells were plated in 24-well plates for 24 h, then co-transfected with both 50 nM of miR-576-3p or NC and 200 ng of pmirGLO vector carrying either wild type or mutant 3-UTR sequence. The relative luciferase activity was measured using the Dual-Luciferase Reporter Assay System (Promega, USA) 48 h after co-transfection.
CCND1 rescue experiments
The human CCND1 coding sequence excluded 3-UTR was inserted into the pReceiver vector (Genecopoeia, USA), which formed the pReceiver-CCND1 vector. The bladder cancer cells were co-transfected with both miR-576-3p or NC and pReceiver-CCND1 or empty pReceiver vector. All the cells were harvested 48 h after the transfection. The cell cycle was analyzed by flow cytometry and the CCND1 expression was determined by Western blotting as mentioned above.
Statistical analysis
All the data were expressed as the mean  deviation (SD) for three independent experiments. Student's t-test was used to contrast quantitative data between two test groups, while twoway ANOVA was used to compare the differences of quantitative data among three or more experimental groups. Statistical analysis was performed using GraphPad Prism, version 5.0 for Windows. Values of P < 0.05 were considered to be statistically significant and indicated by asterisks in the figures.
RESULTS miR-576-3p is down-regulated in bladder cancer cells
It has been reported that miR-576-3p was down-regulated in a patient with bladder urothelial carcinoma (Tatarano et al., 2011; Zhang et al., 2013) . We questioned whether miR-576-3p acts as a tumor suppressor in bladder cancer. By using the online database, TargetScan, we determined that CCND1, which was well known as a regulator of cell proliferation, was predicted to be a direct target of miR-576-3p. In order to further verify the expression pattern of miR-576-3p in human bladder cancer, we used real-time RT-PCR to quantify and compare the expression levels of miR-576-3p in four bladder cancer cell lines versus SV-HUC-1 cell (a normal transitional epithelial cell line). It showed that miR-576-3p expression levels in bladder cancer cell lines were down-regulated significantly compared with SV-HUC-1 cell (Fig. 1A) . In the same manner, we found that the levels of miR-576-5p were remarkably down-regulated in three bladder cancer cell lines (Fig. 1B) , which confirmed the low expression levels of miR-576 family in bladder cancer cells. Furthermore, we tested the expression levels of CCND1 in T24 and UM-UC-3 bladder cancer cell lines versus SV-HUC-1 cell. The results revealed that the mRNA and protein levels of CCND1 in T24 and UM-UC-3 cells were dramatically increased in contrast with SV-HUC-1 cell (Figs. 1C and 1D ).
miR-576-3p suppresses bladder cancer cell proliferation, inhibits colony formation and induces G1-phase arrest Based on the low expression levels of miR-576-3p and the overexpression of its predicted target gene CCND1 in human bladder cancer cells, we believed that miR-576-3p could function as a suppressor of cell proliferation. T24 and UM-UC-3 cells were therefore transfected with miR-576-3p mimic for the The cell viability test showed that miR-576-3p could sharply suppress the growth of bladder cancer cells at a concentration of 25 nM, which reduced cell viability by 38% and 47%, respectively, at 48 or 72 h after transfection in T24 cells. The corresponding results of UM-UC-3 were 31% and 43% ( Fig. 2A) . In like manner, the colony formation ability was inhibited in both of the bladder cancer lines. The colony formation rates of miR-576-3p transfected cells were much lower in contrast with those transfected with NC (Fig. 2B) . In order to uncover the underlying mechanisms of cell proliferation suppression and colony formation inhibition mediated by miR-576-3p, we used flow cytometry to observe the distribution of cell cycle after the transfection of miR-576-3P mimic or the co-transfection of miR-576-3p mimic and inhibitor. The outcomes showed that the overexpression of miR-576-3P induced a significant G1-phase arrest in both T24 and UM-UC-3 cells (Figs. 2C and 2D) , and correspondingly, according to the method of a previous researcher's (Place et al., 2008) , the downregulation of miR-576-3p simulated by the co-transfection of miR-576-3p mimic and inhibitor (Fig. 4A) significantly promoted bladder cancer cell proliferation by accelerating the progression of cell cycle (Figs. 4D and 4E ), which supported that miR-576-3P was a suppressor of cell proliferation in bladder cancer cells.
miR-576-3P down-regulates the expression of CCND1 via its 3-UTR
As CCND1 was a binding target of miR-576-3p predicted by the online database, TargetScan, we performed quantitative realtime PCR and Western blotting to observe the expression of CCND1 on mRNA and protein levels in T24 and UM-UC-3 cells transfected with miR-576-3P mimic or co-transfected with miR-576-3p mimic and inhibitor. The results indicated that both of the two levels were remarkably decreased after the overexpression of miR-576-3p (Figs. 3A and 3B), and significantly increased by the knock-down of miR-576-3p after the cotransfection of miR-576-3p mimic and inhibitor (Figs. 4B and 4C), which proved that the inhibition of CCND1 was specific to the sequence of miR-576-3p.
Likewise, the knock-down of CCND1 by transfecting with siCCND1 caused the inhibition of cell proliferation and G1-phase arrest in T24 and UM-UC-3 cells (Figs. 5A-5D ). Moreover, siCCND1 also demonstrated a similar effect on the mRNA The colony formation rates of miR-576-3p mimic transfected groups were lower in contrast with NC transfected groups (*P < 0.05). (C, D) Over-expression of miR-576-3p induced significant G1-phase arrest (representative histograms were shown above. The indicated percentages were means of triplicate experiments) (*P < 0.05).
A C D B
Mut 3-UTR of CCND1. The relative firefly luciferase activity normalized with renilla luciferase was measured 48 h after transfection (*P < 0.05).
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and protein levels of CCND1 treated with miR-576-3p (Figs. 5E and 5F). All the outcomes above showed that the knock-down of CCND1 could copy the effect of miR-576-3p in bladder cancer cells. For the purpose of identifying CCND1 as a direct target of miR-576-3p, a fragment of CCND1 3-UTR including the putative miR-576-3P binding site was inserted into the down-stream of the firefly luciferase of the pmirGLO Dual-Luciferase miRNA target expression vector. Another vector with a mutated putative binding site was also constructed (Fig. 3C) . As expected, the relative luciferase activities in T24 and UM-UC-3 cells cotransfected with miR-576-3p and wild type (Wt) 3-UTR vector were reduced significantly in contrast with NC, while in the same cells co-transfected with miR-576-3p and mutant (Mut) 3-UTR vector the luciferase activities were unaffected (Fig. 3D) .
Therefore we came to the conclusion that CCND1 was a direct target of miR-576-3p.
Restoration of CCND1 could partially rescue miR-576-3P-induced G1-phase arrest
From the former results, we confirmed that miR-576-3p could induce G1-phase arrest. Then we questioned whether the overexpression of CCND1 could restore the inhibition of cell cycle caused by miR-576-3p. For this purpose, we inserted the human CCND1 coding sequence excluded 3-UTR into the pReceiver vector, and it showed that CCND1 expression was regained in T24 cells after treated with pReceiver-CCND1 vector (Fig. 6A) . The cell cycle was evaluated by flow cytometry and the colony formation rates were calculated in T24 cells cotransfected with both miR-576-3P mimic or NC and pReceiver- 
DISCUSSION
In recent years, an increasing number of studies demonstrated the potential of microRNAs as promising diagnostic or prognostic biomarkers and novel therapeutic targets in the treatment of malignant tumors (Allegra et al., 2012; Cho, 2010; NanaSinkam and Croce, 2010; Osaki et al., 2008; Piva et al., 2013) . Moreover, the aberrant expressions of miRNAs in bladder cancer have been identified as well, which play crucial roles in tumorigenesis, progression and metastasis (Ratert et al., 2013; Shi et al., 2014) . MiR-576-3p is a recently discovered miRNA with a decreased expression in bladder cancer (Tatarano et al., 2011; Zhang et al., 2013) and leukemia (Coskun et al., 2013) . Our quantification analyses showed the similar outcomes that miR-576-3p and miR-576-5p were both down-regulated in most bladder cancer cell lines, suggesting miR-576-3p might be implicated in tumorigenesis. Since the expression pattern of miR-576-3p in other tumors has not been reported and its functions in bladder cancer or other tumors are still unknown, this is the first study to explore miR-576-3p about its mechanism of action in tumors. In order to discover the function of miR-576-3p in bladder cancer, we conducted both gain-of-function and loss-of-function studies in bladder cancer lines, T24 and UM-UC-3. After transfected with miR-576-3p, T24 and UM-UM-3 showed significant decreases in cell viability and colony formation rate, which indicated that miR-576-3p was able to inhibit the proliferation in bladder cancer cells. Further analysis by FACS demonstrated that the overexpression miR-576-3p could induce G1-phase arrest, and on the contrary, the loss of miR-576-3p expression could promote bladder cancer cells proliferation by accelerating the progression of cell cycle. All these results suggested that G1-phase arrest specifically induced by miR-576-3p was the potential cause of the growth suppression.
Based on the growth suppression function of miR-576-3p discovered in our study, we chose one of the predicted target genes of miR-576-3p, CCND1, which plays an important role in cell cycle and cell growth, to investigate the mechanism of miR-576-3p in regulating the growth of bladder cancer cells. CCND1 is a crucial regulator of cell cycle, and related to the development of many cancers. It binds and activates cyclin-dependent A B C D kinases (CDK), CDK4 and CDK6, which subsequently phosphorylates tumor suppressor protein Rb and allows the cell cycle to progress through G1 into S phase (Malumbres and Barbacid, 2009; Satyanarayana and Kaldis, 2009; Tashiro et al., 2007) . Given its important role in cell cycle, the expression of CCND1 needs to be strictly ruled. It is subject to all aspects of regulation, including gene transcription, RNA processing, splicing, modification, protein stability and cellular localization (Witzel et al., 2010) . Deregulation of any of these procedures could induce overexpression of CCND1, and subsequently promote tumorigenesis in many kinds of cells (Fu et al., 2004) . Recently, lots of studies demonstrate that CCND1 is frequently up-regulated in cancers and its overexpression might be due to many factors including increased transcription, translation, and protein stability (Kim and Diehl, 2009 ). In bladder cancers, the overexpression of CCND1 has already been identified (Kopparapu et al., 2013) , and our experiments also revealed the same up-regulation of CCND1 in T24 and UM-UC-3 cell lines. Furthermore, numerous evidences have proved that the variation of CCND1 expression could remarkably affect the proliferation of bladder cancer cells (Fang et al., 2013; Liu et al., 2013) . And microRNAs, on the other hand, such as miR-15b, miR-34a and miR-193a have also been reported to inhibit proliferation through down-regulation of CCND1 expression in various cancers (Chen et al., 2010; Sun et al., 2008; Xia et al., 2009 ). In our study, Western blotting and real-time PCR analyses demonstrated that overexpression of miR-576-3p was able to down-regulate the expression of CCND1, and it could also inhibit the cell viability, colony formation as well as induce G1-phase arrest in T24 and UM-UC-3 cells. Correspondingly, the knockdown of miR-576-3p increased the expression of CCND1 and promoted the proliferation of bladder cancer cells by accelerating the progression of cell cycle. Meanwhile, the knock-down of CCND1 could copy the effects of over-expressed miR-576-3p on cell growth and the distribution of cell cycle. All these evidences implied that miR-576-3p might act as a tumor suppressor or a negative regulator in bladder cancer cell lines by inhibiting the expression of CCND1. And we then supposed that the downregulation of miR-576-3p might oppositely enhance the growth of bladder cancer cells and subsequently facilitate the development of bladder cancer through up-regulating the expression of CCND1. Moreover, luciferase assay further proved that miR-576-3p could directly target the 3-UTR of CCND1. The restoration of CCND1 expression could partly reverse the cell cycle arrest induced by miR-576-3p. Therefore, our study finally revealed that miR-576-3p was able to suppress the proliferation of bladder cancer cells by directly targeting the 3-UTR of CCND1.
In conclusion, our study identified the down-regulation of miR-576-3p in T24 and UM-UC-3 cell lines and first reported that miR-576-3p, as a potential tumor suppressor in bladder cancer cells, could suppress cell proliferation by targeting CCND1. Despite the absence of further studies to identify the other targets and investigate the expression of miR-576-3p in bladder cancer tissues or other cell lines, our experiment indicates that restoration of miR-576-3p might be a promising therapeutic option for inhibiting cell proliferation in bladder cancers. 
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